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ABSTRACT 

Background Previous studies have reported 
associations between lower lifetime socioeconomic 
position (SEP) and higher body mass index in adulthood, 
but few have examined associations with direct 
measures of fat and lean mass which are likely to have 
independent roles in health and physical functioning. 
Methods We examined associations of SEP across life 
with dual-energy X-ray absorptiometry measures of fat 
and lean mass at 60-64 years using data from a total of 
1558 men and women participating in the Medical 
Research Council (MRC) National Survey of Health and 
Development. We also examined whether associations of 
childhood SEP with fat and lean mass were explained by 
preadulthood weight gain (birth weight, 0-7 and 
7-20 years) and adult SEP. 
Results Lower SEP across life was associated with 
higher fat mass and higher android to gynoid fat mass 
ratio. For example, the mean difference in fat mass index 
comparing the lowest with the highest paternal 
occupational class at 4 years (slope index of inequality) 
was 1.04 kg/m^-^ in men (95% CI 0.09 to 1.99) and 
2.61 in women (1.34 to 3.89), equivalent to a 8.6% 
and 16.1% difference, respectively. After adjustment for 
fat mass, lower SEP across life was associated with lower 
lean mass in women, while only contemporaneous 
household income was associated in men. Associations 
between childhood SEP and outcomes were partly 
explained by preadulthood weight gain and adult SEP. 
Conclusions This study identified lifetime 
socioeconomic patterning of fat and lean mass in early 
old age. This is likely to have important implications and 
may partly explain socioeconomic inequalities in health 
and physical functioning. 



INTRODUCTION 

Systematic reviews have show^n that low^er socio- 
economic position (SEP) in both childhood and 
adulthood is associated W\\h increased adult obesity 
risk (ie, high body mass index (BMI)), with, associa- 
tions in w^omen typically stronger and more consist- 
ent across adult SEP indicators than in men.^ ^ 
Given the deleterious consequences of obesity, 
these associations have important implications and 
may partly explain observed socioeconomic 
inequalities in health and physical functioning.^ ^ 
HoM^ever, few^er studies have examined associations 
between SEP and direct measures of fat and lean 
(muscle) mass w^hich BMI does not distinguish; 
lean mass may also be socioeconomically patterned, 
and is likely to have independent roles in health 
and functioning.^ Low^ lean mass has been related 



to w^orse physical functioning,^ low^er bone mineral 
content,'^ adverse glucose metabolism,^ low^er basal 
metabolic rate^ and is also an essential component 
of consensus definitions of sarcopenia, a geriatric 
syndrome of increasing public health concern. 

Previous studies that examined associations 
between SEP and direct measures of fat and/or lean 
mass have produced inconsistent findings. In 
most of these studies, SEP w^as not the main 
explanatory factor investigated and the magnitude 
of associations w^ere therefore not presented. Also, 
these have typically used single indicators of SEP 
ascertained at one point in life, limiting the under- 
standing of \\ow SEP at different life stages affects 
subsequent body composition. Previous studies 
have not considered w^hether SEP is associated With. 
lean mass independently of fat mass. Due to adap- 
tive mechanisms, gains or losses in fat mass that 
take place in early to mid-adulthood typically lead 
to respective gains or losses in lean mass;^^ as 
such, associations w^ith fat mass may drive and 
thereby confound associations w^ith lean mass. 

The objectives of this study w^ere to examine the 
associations of SEP across life with, direct measures 
of fat and lean mass in early old age using data 
from a British birth cohort study. We hypothesised 
that low^er SEP across life w^ould be associated w^ith 
higher fat and low^er lean mass due to the socio- 
economic patterning of the determinants of these 
masses. Consistent With previous studies using BMI 
as an outcome,^ ^ w^e expected that SEP differences 
in fat mass w^ould be stronger in w^omen than men. 
This may be due to the stronger socioeconomic 
patterning of fat mass determinants among w^omen 
and/or due to these determinants having a greater 
impact on w^omen than men: for both biological 
(sex) and social/cultural (gender) reasons, w^omen 
may be more susceptible to an obesogenic environ- 
ment than men.^^ We expected that associations 
w^ith childhood SEP w^ould be independent of adult 
SEP and partly explained by socioeconomic differ- 
ences in birth w^eight and preadulthood w^eight 
gain: low^er childhood SEP has been associated with 
lomtt: birth w^eight,^ w^hich is related to low^er 
adult lean mass^^ and greater w^eight gain in 

later childhood and adolescence,^'^ w^hich is related 
to higher adult fat mass.^^ A visual representa- 
tion of these relationships is shovsAU in figure 1. 

METHODS 
Study sample 

The MRC National Survey of Health and 
Development (NSHD) is a socially stratified sample 
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Figure 1 Conceptual framework 
illustrating how socioeconomic position 
in childhood may affect adult body 
composition. 
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of 5362 singleton births that took place in 1 week of March 
1946 in mainland Britain,^^ with regular follow-up across life. 
At 60-64 years, 2856 eHgible study members were invited for 
an assessment at one of six clinical research facilities (CRFs) or 
a home visit. Invitations were not sent to those who had died 
(n=778), who were living abroad (n=570), had previously 
withdrawn from the study (n=594) or who had been lost to 
follow-up (n=564). Of those invited, 2229 were assessed: 1690 
attended a CRF and the remaining 539 were seen at home.^^ 
The study received Multi-Centre Research Ethics Committee 
approval and informed consent was provided by participants. 

Body composition measurement 

During the visits to the CRF, measures of body composition 
were obtained in the supine position using a QDR 4500 
Discovery DXA scanner (Hologic Inc, Bedford, Massachusetts, 
USA) with APEX V3.1 software as previously described.^^ From 
these scans, measures of fat (whole body, android and gynoid) 
and appendicular (limb) lean mass were obtained and converted 
into kilograms. The ratio of android to gynoid fat mass was 
derived (higher values indicating greater fat distribution in the 
abdomen than hips) and multipHed by 100. Lean mass was 
defined as mass excluding fat and bone mass, and in all mea- 
sures data from the head were excluded due to the high propor- 
tion of bone mass known to affect the accuracy of soft-tissue 
measures. Data on these outcomes were available for 1558 
participants. 

SEP across life 

Indicators of SEP were selected a priori to capture SEP across 
Hfe. Indicators of childhood SEP chosen were paternal occupa- 
tional class at 4 years (the Registrar General's classification 
(RGSC) modelled in six standard categories) and maternal and 
paternal educational attainment at 6 years. Maternal and pater- 
nal education was classified as follows: (1) primary only, (2) 
primary and further education (no qualifications obtained), (3) 
secondary only (or primary and further education) and (4) 



secondary and further education or higher. Highest educational 
level achieved by 26 years was classified using the Burnham 
scale:^^ (1) no quaHfications, (2) sub-GCE or sub-Burnham C, 
(3) GCE O level or Burnam C, (4) GCE A level or Burnam B 
and (5) degree or higher.^ ^ Indicators of adult SEP chosen were 
highest household occupational class at 53 years (RGSC) and 
self-reported annual household income at 60-64 years (post-tax 
from all sources in 13 bands from per year: £<6000 to > 
30 000). 

Potential mediators: birth weight and preadulthood 
weight gain 

Birth weight was extracted from birth records a few days after 
birth, and weight was measured at age 7 and self-reported at age 
20. Prepubertal weight gain was calculated from 0 to 7 years 
and pubertal weight gain from 7 to 20 years. 

Analytical strategy 

Height-adjusted indices for fat and appendicular lean mass were 
created to account for the fact that taller individuals tend to 
have more fat and lean mass, and account for SEP differences in 
height. These were created by dividing fat or lean mass (kg) by 
height (m)^ (X=1.2 for fat and 2 for lean mass), where X was 
calculated so that the resulting index was not correlated with 
height.^^ 

To provide crude estimates of associations, the outcome 
means were presented by SEP categories and associations exam- 
ined using linear regression. Slope indices of inequaHty (SII) 
were then used to facilitate comparisons of the associations of 
different SEP indicators,^^ which account for differences in the 
distribution of participants across categories of different indica- 
tors of SEP Each indicator was converted into sex-specific ridit 
scores; individuals in each category were assigned a value 
equivalent to the proportion of the population with higher SEP 
than the midpoint of that category. These scores were then each 
regressed against each outcome with coefficients representing 
the absolute difference in mean levels of outcome when 



Bann D, et al. J Epidemiol Community Health 2014;68:516-523. doi:1 0.1 136/jech-201 3-203373 



517 



Ageing 



comparing those with the hypothetically lowest (0) with those 
of hypothetically highest SEP (1).^^ Each model was restricted 
to those with valid data for the SEP indicator used and all body 
composition outcomes. 

All analyses were conducted separately in each sex and sex 
differences formally tested by including an interaction term. 
Deviation from linearity was examined using likelihood ratio 
tests comparing models with each SEP indicator included as a 
linear and categorical term. As changes in fat mass that take 
place in early to mid-adulthood typically lead to respective 
changes in lean mass,^^ associations with fat mass may drive 
and thereby confound associations with lean mass. Models 
using appendicular lean mass index as an outcome were there- 
fore additionally adjusted for fat mass index. 

To examine whether associations between childhood SEP and 
outcomes were explained by preadulthood weight gain or adult 
SEV, associations found in unadjusted analyses (at the p<0.05 
level) were further adjusted for birth weight, conditional weight 
gain from 0 to 7 and 7 to 20 years (with weight at birth and 
7 years, respectively, also included in models), and indicators of 
adult SEP (ie, own educational attainment, occupational class 
and household income). These analyses were restricted to those 
with valid data for all SEP indicators, potential mediators and 
all outcomes. 

RESULTS 

Associations of SEP with fat mass and android 
to gynoid ratio 

The distribution of participants and mean outcomes across cat- 
egories of each indicator of SEP are shown in table 1. In both 
sexes, lower SEP in childhood and adulthood were associated 
with higher fat mass and higher android to gynoid ratio. Table 2 
shows these associations with SEP indicators modelled using the 
SII. The effect sizes differed by SEP indicator: for men, lower 
own education was most strongly associated with higher fat 
mass, with a 1.65 (95% CI 0.69 to 2.60) higher fat mass index 
(kg/m^'^) in the lowest compared with highest educational level. 
In women, paternal educational attainment was most strongly 
associated, with a 3.67 (2.28 to 5.07) higher fat mass index in 
the lowest compared with highest paternal educational level. 
The associations of lower childhood SEP and occupational class 
in adulthood with higher fat mass were stronger in women than 
men (table 2A), while associations between lower SEP and 
higher android to gynoid ratio were similar for most indicators 
of SEP in both sexes except for own education, where the asso- 
ciation was stronger in men (table 2B). 

There was little evidence of deviations from linearity, except 
for associations of lower paternal and own occupational class (in 
men) and lower household income with higher fat mass and 
android to gynoid ratio, due to lower than expected fat mass 
levels in the lowest SEP group (see table 1). 

Associations between SEP and appendicular lean mass 

In unadjusted analyses, lower SEP in childhood and lower own 
education were weakly associated with higher appendicular lean 
mass index in men, with no association in women (tables 1 
and 2). These associations differed after adjustment for fat mass 
index, which was positively correlated with appendicular lean 
mass index (men=0.50, women = 0. 66): in men, lower house- 
hold income was associated with lower lean mass index while 
other indicators of SEP were not associated; in women, lower 
levels of all indicators of SEP were associated with lower lean 
mass (table 2C). Compared with associations between SEP and 
fat mass, the magnitude of these was modest: for a given 



amount of fat mass among men, there was 0.24 (95%: -0.45 to 
-0.03) lower appendicular lean mass index (kg/m^) in the 
lowest compared with highest household income group, and 
0.26 (95% CI -0.45 to -0.08) lower levels in the lowest com- 
pared with highest paternal education group among women. 

Are associations between childhood SEP and body 
composition explained by birth weight, childhood 
weight gain or adult SEP? 

Paternal education, the indicator of childhood SEP most 
strongly associated with fat mass in women, was used in these 
analyses. Lower paternal education was weakly and non- 
significantly associated with lower birth weight (p = 0.6 in men 
and p = 0.2 in women), and was associated with lower weight 
gain from 0 to 7 years in men (p= 0.01) but not women 
(p = 0.5), and with greater weight gain from 7 to 20 years 
(p<0.05 in both sexes). 

Associations between lower paternal education and higher fat 
mass were not explained by birth weight or weight gain from 0 
to 7, but were partly explained by weight gain from 7 to 
20 years, by 22.6% in men and 15.2% in women (percentage 
change in SII; table 3). This association was largely explained by 
own education and adult SEP in men (74.2%) and partly 
explained in women (19.9%). Associations between lower pater- 
nal education and higher android to gynoid ratio were margin- 
ally explained by birth weight (2.2% in men and 0.9% in 
women) and weight gain from 0 to 7 (2.4% in men and 1.1% 
in women), and partly by weight gain from 7 to 20 years (7.4% 
in men and 7.0% in women). In both sexes, this association was 
partially but not wholly explained by indicators of adult SEP 
(34.7% in men and 8.0% in women). 

The association between lower paternal education and lower 
appendicular lean mass index in women (after adjustment for 
fat mass) was partly explained by birth weight (3.7%) and 
weight gain from 0 to 7 (11.1%) and 7 to 20 years (3.7%). 
However, this association was largely explained by own educa- 
tional attainment and adult SEP (55.6%). 

The above associations were similar when maternal education 
or paternal occupational class was used (see online 
supplementary tables SI and S2). 

DISCUSSION 
Main findings 

Lower SEP across life was associated with higher fat mass and 
android to gynoid ratio in early old age. Lower SEP across life 
was also associated with lower lean mass in women after adjust- 
ment for fat mass, but this association was only found with con- 
temporaneous household income in men. Associations between 
lower childhood SEP and higher fat mass were partly explained 
by pubertal weight gain and adult SEV, whereas the association 
between lower childhood SEP and lower lean mass was largely 
explained by adult SEP 

Comparison with previous studies 

Eindings from this study are consistent with previous NSHD 
studies which found lower childhood SEP and own education 
were associated with higher BMI at earlier ages and poorer 
physical performance.^ 34-38 extend these by using a longer 
period of follow-up and direct measures of body composition. 

This study has advantages compared with the few previous 
studies^ that reported inconsistent associations between SEP 
and direct measures of body composition by: using indicators of 
SEP across life; using android to gynoid ratio and appendicular 
lean mass; considering whether SEP was associated with lean 
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Table 1 Mean fat mass, android to gynoid ratio and lean mass levels at age 60-64 years by sex and socioeconomic position across life 





N (M/F) 


Fat mass index (kg/m^^) 
Mean (SD) 


Android to gynoid ratio 
Mean (SD) 


Appendicular lean mass 
index (kg/m^) 
Mean (SD) 


Men 


Women 


Men 


Women 


Men 


Women 


Sex 


1 558 (746/81 2) 


12.13 (3.62) 


16.23 (5.11) 


65.69 (15.35) 


44.74 (12.36) 


8.01 (0.95) 


6.16 (0.87) 


p Value (t test) 




<0.001 




<0.001 




<0.001 




Socioeconomic position 
















Paternal occupational class (4 years) 
















1 — Professional 


113 (55/58) 


1 1 .6 (3.6) 


15.0 (5.0) 


59.4 (14.9) 


^1 A 1 A "7\ 

43.4 (12.7) 


7.9 (1.0) 


6.2 (0.8) 


II — Intermediate 


282 (133/149) 


11.5 (3.8) 


15.8 (5.4) 


62.1 (16.8) 


41.9 (11.3) 


7.9 (1.0) 


6.2 (0.9) 


III — Skilled (non-manual) 


334 (157/177) 


1 1 .9 (3.4) 


15.3 (4.7) 


65.6 (15.5) 


A A 1 A '\ "^X 

44.3 (13.2) 


8.0 (0.9) 


6.0 (0.9) 


III — Skilled (manual) 


406 (195/211) 


13.0 (3.8) 


16.7 (5.0) 


68.9 (14.5) 


45.8 (11.2) 


8.1 (1.0) 


6.2 (0.9) 


IV— Partly skilled 


267 (132/135) 


12.3 (3.4) 


17.3 (5.4) 


67.6 (13.9) 


47.0 (12.3) 


8.1 (0.9) 


6.2 (0.9) 


V— Unskilled 


75 (38/37) 


1 1 .3 (3.6) 


1 7.4 (4.6) 


64.0 (1 5.8) 


46.7 (13.2) 


8.1 (1.1) 


6.3 (0.8) 


p Value (trend) 




0.05 


<0.001 


<0.001 


<0.001 


0.01 


0.73 


Maternal educational attainment (6 years) 














Secondary and FE 


214(99/115) 


1 1 .8 (3.8) 


15.0 (5.2) 


61.0 (14.6) 


A A r 1 A A\ 

41.6 (12.1) 


8.0 (1.0) 


6.1 (0.9) 


Secondary only 


184 (89/95) 


11.5 (3.2) 


1 5.6 (4.6) 


62.7 (15.1) 


43.6 (1 1 .6) 


7.9 (1.0) 


6.1 (0.8) 


Primary and FE 


223 (121/102) 


12.2 (3.9) 


16.1 (5.7) 


67.8 (16.6) 


44.0 (12.6) 


8.0 (0.9) 


6.2 (0.8) 


Primary only 


768 (359/409) 


12.5 (3.7) 


16.8 (5.1) 


67.4 (14.9) 


45.9 (12.0) 


8.1 (0.9) 


6.2 (0.9) 


p Value (trend) 




0.02 


<0.001 


<0.001 


<0.001 


0.07 


0.41 


Paternal educational attainment (6 years) 














Secondary and FE 


275 (131/144) 


12.1 (3.6) 


14.5 (4.3) 


62.5 (15.4) 


40.2 (1 1 .0) 


7.9 (0.9) 


6.1 (0.7) 


Secondary only 


213 (98/115) 


11.7 (3.7) 


15.9 (5.1) 


63.7 (15.1) 


43.8 (12.0) 


8.1 (1.0) 


6.2 (0.9) 


Primary and FE 


209 (117/92) 


11.8 (3.1) 


16.1 (5.5) 


65.8 (16.1) 


43.8 (13.0) 


7.9 (0.9) 


6.1 (0.9) 


Primary only 


681 (314/367) 


12.6 (3.9) 


17.1 (5.2) 


68.1 (15.2) 


A~l f\ 1 A A\ 

47.0 (12.1) 


8.1 (0.9) 


6.2 (0.9) 


p Value (trend) 




0.08 


<0.001 


<0.001 


<0.001 


0.08 


0.19 


Own educational attainment (26 years) 
















Degree or higher 


193 (132/61) 


1 1 .6 (3.4) 


15.3 (5.2) 


62.8 (16.3) 


42.0 (12.2) 


7.9 (0.9) 


6.3 (0.9) 


GCE A level or equivalents 


472 (232/240) 


11.8 (3.5) 


1 5.7 (4.9) 


63.6 (14.6) 


44.0 (12.5) 


8.0 (1 .0) 


6.1 (0.8) 


GCE 0 level or equivalents 


326 (108/218) 


12.1 (3.9) 


16.2 (5.2) 


66.5 (15.2) 


45.7 (12.6) 


8.0 (0.9) 


6.1 (0.9) 


Sub-GCE 0 level or equivalents 


110 (40/70) 


12.3 (3.3) 


16.5 (4.9) 


67.4 (17.2) 


45.2 (12.2) 


7.6 (0.9) 


6.1 (0.9) 


No qualifications 


374 (192/182) 


12.9 (3.8) 


17.1 (4.9) 


68.8 (14.2) 


45.7 (12.1) 


8.2 (0.9) 


6.2 (0.9) 


p Value (trend) 




<0.001 


<0.001 


<0.001 


0.05 


0.01 


0.86 


Occupational class (53 years) 
















1 — Professional 


200 (114/86) 


11.6 (3.2) 


14.7 (4.2) 


63.9 (16.4) 


41 .3 (1 1 .4) 


8.0 (0.9) 


6.1 (0.8) 


II — Intermediate 


800 (376/424) 


12.2 (3.6) 


16.3 (5.3) 


65.6 (15.1) 


44.8 (12.2) 


8.0 (1.0) 


6.2 (0.9) 


III — Skilled (non-manual) 


325 (139/186) 


12.1 (3.6) 


16.2 (4.7) 


66.0 (15.0) 


44.3 (13.4) 


8.0 (0.9) 


6.0 (0.8) 


III — Skilled (manual) 


136 (83/53) 


12.8 (4.3) 


18.1 (6.1) 


69.0 (1 5.0) 


A~l A lAf\ (W 

47.4 (10.9) 


8.2 (0.9) 


6.4 (0.9) 


IV— Partly skilled 


56 (22/34) 


11.4 (3.7) 


17.7 (4.6) 


60.3 (13.5) 


50.8 (10.1) 


7.9 (1.1) 


6.3 (0.9) 


V— Unskilled 


11 (5/6) 


12.0 (2.5) 


14.9 (4.7) 


84.6 (12.9) 


45.3 (20.2) 


8.6 (0.9) 


5.7 (1.2) 


p Value (trend) 




0.23 


<0.001 


0.06 


<0.001 


0.20 


0.73 


Household income (60-64 years) 
















1 (highest) 


525 (292/233) 


11.7 (3.2) 


15.6 (4.6) 


64.6 (15.7) 


43.8 (12.5) 


8.0 (0.9) 


6.1 (0.8) 


2 


372 (172/200) 


12.0 (3.5) 


15.9 (4.7) 


65.1 (14.3) 


44.6 (12.4) 


8.1 (0.9) 


6.1 (0.9) 


3 


382 (171/211) 


12.5 (3.8) 


17.0 (5.8) 


66.4 (14.6) 


45.1 (12.6) 


8.0 (1.0) 


6.2 (0.9) 


4 (lowest) 


202 (76/126) 


12.6 (4.2) 


17.0 (5.3) 


68.6 (17.1) 


46.4 (12.1) 


7.9 (0.9) 


6.1 (0.9) 


p Value (trend) 




0.01 


<0.001 


0.04 


0.06 


0.72 


0.51 



Maternal and paternal education classified as follows: (1) primary only, (2) primary and further education (FE) (no qualifications obtained), (3) secondary only (or primary and FE) and 
(4) secondary and FE or higher. Own education was classified using the Burnham scale:^^ (1) no qualifications, (2) sub-GCE or sub-Burnham C, (3) GCE 0 level or Burnam C, (4) GCE A 
level or Burnam B and (5) degree or higher. Occupational class was that of the highest in the household and derived using the Registrar General's social classification; annual 
household income was categorised into four groups to aid presentation (per year: £<6000-11 999, 12 000-20 999, 21 000-29 999, >30 000); analyses were restricted to those with 
valid measures for all body composition outcomes. 



mass independently of fat mass; and examining whether associa- 
tions with childhood SEP were explained by preadulthood 
weight gain. 

Explanation of findings 

The associations of SEP with fat and lean mass are likely to be 
explained by the socioeconomic patterning of the determinants 



of these masses which operate across life. Eindings from this 
study suggest that childhood SEP differences in fat mass and 
fat distribution in early old age are partly attributable to socio- 
economic differences in preadulthood weight gain. In this 
cohort, lower birth weight was associated with higher android 
to gynoid ratio, while greater weight gain from 7 to 20 years 
was associated with higher fat mass and higher android to 
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Table 2 Differences in fat mass, android to gynoid ratio and lean mass (95% CI) at age 60-64 years between the hypothetical lowest and 
highest socioeconomic position (slope index of inequality) 

(A) Fat mass index (kg/m^^) (B) Android to gynoid ratio 



P P P P P P 

N (M/F) Men Value Women Value Value# Men Value Women Value Value# 

Paternal occupational 710/767 1.04 (0.09 to 1.99)* 0.03 2.61 (1 .34 to 3.89) <0.01 0.06 8.03 (4.06 to 12.01)* <0.01 5.91 (2.87 to 8.95) <0.01 0.40 
class (4 years) 

Maternal education 668/721 1.27 (0.22 to 2.33) 0.02 2.72 (1 .28 to 4.16) <0.01 0.11 8.22 (3.82 to 12.63) <0.01 6.12 (2.73 to 9.52) <0.01 0.46 
(6 years) 

Paternal education 660/718 1.07 (0.03 to 2.10) 0.04 3.67 (2.28 to 5.07) <0.01 <0.01 8.40 (4.05 to 12.74) <0.01 9.64 (6.34 to 12.94) <0.01 0.65 
(6 years) 

Own education 704/771 1.65 (0.69 to 2.60) <0.01 2.08 (0.81 to 3.35) <0.01 0.60 8.42 (4.43 to 12.41) <0.01 3.41 (0.27 to 6.54) 0.03 0.05 
(26 years) 

Occupational class 739/789 0.72 (-0.26 to 1 .69) 0.15 2.14 (0.78 to 3.49) <0.01 0.10 3.81 (-0.33 to 7.96)* 0.07 4.97 (1 .69 to 8.25) <0.01 0.67 
(53 years) 

Household income 711/770 1.23 (0.32 to 2.14)* <0.01 2.17 (0.91 to 3.42)* <0.01 0.24 4.09 (0.16 to 8.01) 0.04 3.26 (0.20 to 6.32) 0.04 0.74 
(60-64 years) 

(C) Appendicular lean mass index (kg/m^) 

p Men, adjusted for fat p p Women, adjusted for p p p 

N (M/F) Men, unadjusted Value mass index Value Women, unadjusted Value fat mass index Value Value# Value## 

Paternal 71 0/767 0.31 (0.06 to 0.55) 0.01 0.1 7 (-0.04 to 0.39) 0.1 1 0.04 (-0.1 8 to 0.26) 0.70 -0.26 (-0.42 to -0.09) <0.01 0.1 1 <0.01 

occupational 

class (4 years) 

Maternal 668/721 0.26 (-0.01 to 0.54) 0.06 0.10 (-0.14 to 0.34) 0.39 0.1 1 (-0.14 to 0.35) 0.40 -0.21 (-0.39 to -0.02) 0.03 0.40 0.03 

education 

(6 years) 

Paternal 660/718 0.26 (-0.01 to 0.52) 0.06 0.12 (-0.1 1 to 0.36) 0.30 0.16 (-0.08 to 0.40) 0.20 -0.26 (-0.45 to -0.08) <0.01 0.60 <0.01 

education 

(6 years) 

Own 704/771 0.30 (0.05 to 0.55)* 0.02 0.09 (-0.13 to 0.31)* 0.42 -0.03 (-0.25 to 0.19) 0.82 -0.27 (-0.43 to -0.10) <0.01 0.05 <0.01 

education 

(26 years) 

Occupational 739/789 0.14 (-0.12 to 0.39) 0.30 0.04 (-0.18 to 0.27) 0.70 0.01 (-0.22 to 0.24)* 0.94 -0.24 (-0.41 to -0.06) <0.01 0.47 0.04 
class 

(53 years) 

Household 71 1/770 -0.08 (-0.32 to 0.16) 0.52 -0.24 (-0.45 to -0.03) 0.03 0.08 (-0.14 to 0.29) 0.47 -0.17 (-0.33 to -0.01) 0.04 0.34 0.73 
income (60- 
64 years) 

#p Value for sex interaction term (#before and ##after adjustment for fat mass index); *evidence for departure from linearity (p<0.05); occupational class was that of the highest in the 
household and derived using the Registrar General's classification; analyses were restricted to those with valid measures for all body composition outcomes. 



gynoid ratio in late middle age, potentially due to the tracking 
of acquired fat mass and body fat distribution into adult- 
hood.^^ Associations with fat mass were not explained by pre- 
pubertal weight gain, although this could explain 
socioeconomic differences in fat mass in younger cohorts, 
where socioeconomic differences in fat accrual are likely to 
have manifest earlier. 

The association between lower childhood SEP and lower lean 
mass (after adjustment for fat mass) in women was largely 
explained by own education and adult SEE This suggests that 
adulthood factors may largely explain this association, although 
SEP differences in muscle growth may not be fully captured by 
weight gain, which represent accrual of both muscle and fat. 

Lower SEP was only associated with lower lean mass after 
adjustment for fat mass, and not before. While we hypothesised 
that this adjustment would reduce confounding due to fat mass, 
it is possible that it could have introduced bias due to overad- 
justment. Differences in unadjusted and confounder-adjusted 
associations do not inform us of which of these two scenarios is 
most likely. However, it should be noted that lean mass may be 
a more clinically meaningful outcome when adjustment is made 



for fat mass, as lean (muscle) mass is needed to support the 
weight of the body — as such, higher lean (muscle) mass without 
higher fat mass would be expected to lead to improved physical 
function and improved health. In support of this, lean mass has 
been found to be a stronger predictor of physical function after 
adjustment for fat mass.^ 

Both childhood and adult SEP are also likely to influence fat 
and lean mass levels in later life by impacting on behavioural 
factors in adulthood. For example, lower childhood and adult 
SEP have been associated with lower leisure time physical activ- 
ity participation,^^ which in turn may lead to higher fat and 
lower lean mass. While it is likely that SEP differences in diet 
partly explain findings, SEP has not been consistently associated 
with dietary factors thought to affect fat mass (total energy 
intake)^"^ and lean mass (protein intake) this may be due to 
inaccuracy in the self-reporting of diet intake which may vary 
by SEP and body weight.^^ SEP differences in physical activ- 
ity and diet may in turn be due to financial and area-based dif- 
ferences in access to leisure activity and dietary resources.^^ 
These pathways are being investigated in the NSHD and 
warrant investigation in other cohorts. 
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Table 3 Differences in fat mass, android to gynoid ratio and lean mass (95% CI) at age 60-64 years between the hypothetical lowest and 
highest paternal educational attainment (slope index of inequality), with sequential adjustment for potential mediators 





Fat mass index 




Android to gynoid 




Appendicular lean mass index (kg/m^). 


Men (n=479) 


(kg/m'2) 


p Value 


fat mass ratio 


p Value 


adjusted for fat mass index 


p Value 


1 . Paternal education (6 years) 


0.93 (-0.25 to 2.11) 


0.12 


8.50 (3.49 to 13.52) 


<0.001 






2. Model 1+birth weight 


0.93 (-0.25 to 2.12) 


0.12 


8.31 (3.34 to 13.28) 


<0.001 






3. Model 1+weight gain from 0 to 7 years 


1.13 (-0.04 to 2.29) 


0.06 


8.30 (3.31 to 13.29) 


<0.001 






4. Model 1 +weight gain from 7 to 20 years 


0.72 (-0.39 to 1 .82) 


0.21 


7.87 (2.83 to 12.92) 


<0.001 






5. Model 1+own education and adult SEP 


0.24 (-1.04 to 1.51) 


0.72 


5.55 (0.12 to 10.98) 


0.05 






Women (n=515) 














1 . Paternal education (6 years) 


4.22 (2.62 to 5.82) 


<0.001 


10.62 (6.69 to 14.55) 


<0.001 


-0.27 (-0.49 to -0.06) 


0.01 


2. Model 1+birth weight 


4.21 (2.61 to 5.82) 


<0.001 


10.52 (6.59 to 14.45) 


<0.001 


-0.26 (-0.48 to -0.05) 


0.02 


3. Model 1+weight gain from 0 to 7 years 


4.24 (2.64 to 5.83) 


<0.001 


10.50 (6.57 to 14.42) 


<0.001 


-0.24 (-0.45 to -0.03) 


0.03 


4. Model 1 +weight gain from 7 to 20 years 


3.58 (2.06 to 5.10) 


<0.001 


9.88 (5.95 to 13.80) 


<0.001 


-0.26 (-0.47 to -0.05) 


0.01 


5. Model 1+own education and adult SEP 


3.38 (1.54 to 5.23) 


<0.001 


9.77 (5.29 to 14.26) 


<0.001 


-0.12 (-0.36 to 0.13) 


0.35 



Occupational class was that of the highest in the household and derived using the Registrar General's classification; analyses were restricted to those with valid measures for each 
indicator of SEP, relevant potential mediators and all body composition outcomes. Cells are blank where analyses were not included due to lack of evidence for association in 
univariable analyses (p>0.05). 
SEP, socioeconomic position. 



Sex differences in associations are likely to reflect sex differences 
in the socioeconomic patterning of the determinants of fat and 
lean mass. In previous research on the NSHD, childhood SEP dif- 
ferences in adult BMI became stronger from 36 to 53 years in 
women, but remained stable in men.^'^ This suggests that the 
impact of childhood SEP on behaviours w^hich lead to gains in fat 
mass may be stronger in w^omen. Due to both biological (sex) and 
social/cultural (gender) differences, these determinants may differ 
in the extent to w^hich they influence fat mass in men and w^omen. 
For example, in the NSHD physical activity was more 
strongly inversely associated w^ith fat mass in w^omen than men.^^^ 
Women of low^er SEP also experience additional risk factors for 
fat mass accrual w^hich men do not (eg, childbirth), w^hich could 
also contribute to sex differences in associations. Inconsistent 
associations betw^een SEP and lean mass in men may be due to 
each SEP indicator capturing exposures w^ith conflicting effects on 
male lean mass levels. Eor example, low^er adult SEP is associated 
M^ith less frequent leisure time physical activity participation,^^ 
but w^ith more frequent w^eight-bearing occupational physical 
activity.^'^ 

Paternal education w^as more strongly associated w^ith fat mass 
in w^omen than other childhood SEP indicators, and additional 
analyses show^ed that only paternal education remained asso- 
ciated M^ith fat mass when all childhood SEP indicators were 
mutually adjusted for (data available on request). In this cohort, 
paternal education may therefore have been more closely related 
to the factors that influence fat mass than either maternal educa- 
tion or paternal occupational class. In order to identify the 
extent to w^hich this finding is contextual or generalisable and to 
elucidate underlying pathw^ays, we need to examine w^hether the 
same patterns of association are found in other birth cohorts. 

Associations betw^een low^er SEP and higher android to gynoid 
ratio were driven by the stronger associations between SEP and 
android than gynoid fat mass (show^n in online supplementary 
table S3), and were not explained by adult height. While the 
determinants of fat distribution are not well understood, high 
levels of stress have been suggested as causing preferential 
deposition of abdominal fat,^^ and physical activity may lead to 
greater losses of abdominal compared w^ith peripheral fat.^^ As 
such, SEP differences in stress and physical activity may partly 
explain these associations. 



Strengths and limitations 

Strengths of this study include the use of multiple prospectively 
ascertained SEP indicators across life and direct measures of 
body composition. Regional measures w^ere used w^hich may be 
most relevant for health-related outcomes: appendicular lean 
mass excludes organ mass and is likely to be a more accurate 
measure of skeletal muscle mass than w^hole body lean mass, 
and abdominal fat distribution may influence health independ- 
ently of w^hole body fat.^^ Unlike previous studies, fat and 
lean mass w^ere adjusted for adult height and associations 
between SEP and lean mass w^ere examined before and after 
adjustment for fat mass, an important potential confounder. 
Another strength is the availability of birth w^eight and preadult- 
hood w^eight gain measures in the NSHD, potential mediators 
of associations between childhood SEP and adult body 
composition. 

While more indicators of SEP w^ere used than in previous 
studies, more refined measures of SEP may better capture SEP 
differences in body composition. For example, total household 
income is a relatively crude measure of disposable income as it 
does not account for household size, housing costs or debt pay- 
ments. How^ever, additional analyses show^ed similar results w^ere 
obtained w^hen household income w^as equivalised by household 
size, suggesting that this w^as unlikely to substantially affect the 
associations found. 

As in all longitudinal studies, the NSHD has experienced attri- 
tion and this may have introduced bias. Previous analyses of this 
cohort have show^n that on average participants w^ith higher BMI 
and low^er SEP (low^er educational attainment and low^er occupa- 
tional class) at 53 years w^ere less likely to attend the CRE at 60- 
64 years.^^ This pattern of missing data is likely to have led to 
reduced power to detect the associations between low^er SEP and 
higher fat mass. Among those w^ith higher fat mass, it is possible 
that consequent loss to follow^-up may have occurred more readily 
among those of low^er SEP For example, low^er SEP has been asso- 
ciated M^ith less favourable access to healthcare services,^"^ such 
that an adverse health or disability event caused in part by higher 
fat mass levels may be more likely to lead to loss to follow^-up in 
obese participants of low^er compared w^ith higher SEP This 
pattern of missing data w^ould have led to an underestimation of 
the magnitude of SEP differences in fat mass in the present study. 
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Additional analyses supported this, as SEP differences in BMI were 
greater when additionally including participants who attended 
home visits at 60-64 years (see online supplementary table S4 
compared with online supplementary table S5). 

There were some differences in unadjusted effect estimates 
when analyses were restricted to those with valid data for all SEP 
indicators and potential mediators. However, these differences did 
not result in changes to the conclusions of the results obtained, 
enabling the investigation of important mediating factors. 

Implications 

Results suggest that reducing socioeconomic inequalities across 
life would have beneficial effects by leading to fewer individuals 
in later adulthood with higher fat mass, higher android to 
gynoid ratio and lower lean mass (for a given amount of fat 
mass). Reducing inequalities in childhood may be particularly 
beneficial by affecting both early life determinants of adult body 
composition and adult SEP 

Previous studies using BMI are likely to have underestimated 
SEP differences in fat mass if, as found in this study, lower SEP 
is consistently associated with higher fat but not higher lean 
mass. Eor example, when expressed as a percentage difference, 
the mean difference in fat mass index comparing the lowest 
with the highest paternal occupational class at 4 years (from SII) 
was 8.6% in men and 16.1% in women; as expected, the mag- 
nitude of these associations was weaker when BMI was used as 
the outcome — a 6.3% difference in BMI in men and 9% differ- 
ence in women (see online supplementary table S4). Similarly, 
the magnitude of associations with waist to hip ratio was weaker 
than those using android to gynoid ratio (see online 
supplementary table S4). 

The SEP differences in fat and lean mass found in this cohort 
may differ from those in younger and older birth cohorts. While 
participants from the 1958 British birth cohort study had higher 
BMI on average at 43^5 years than those in the NSHD (born 
1946),^"^ further cross-cohort comparisons are required to 
examine cohort differences in the socioeconomic patterning of fat 
and lean mass, as well as the determinants of these socioeconomic 
differences. 

CONCLUSIONS 

In both sexes, lower SEP across life was associated with 
higher fat mass and higher android to gynoid ratio in early 
old age. After adjustment for fat mass, lower SEP across Hfe 
in women and lower contemporaneous household income in 
men were associated with lower lean mass. Associations 
between childhood SEP and body composition outcomes 
were partly explained by preadulthood weight gain and adult 
SEP 



What is already known on this subject 



► In developed nations, lower socioeconomic position (SEP) in 
childhood and adulthood have been associated with higher 
adult body mass index. These associations are more 
consistent in women than men. 

► Few studies have examined associations with direct 
measures of fat and lean mass which body mass index does 
not distinguish. Fat and lean mass are likely to have 
independent roles in health and physical functioning. 



What this study adds 



► In a British birth cohort study, lower SEP across life was 
associated with direct measures of higher fat mass and 
abdominal fat distribution in both sexes at 60-64 years. The 
relative SEP disparities in fat mass were larger when using 
direct measures of fat mass compared with anthropometric 
measures (body mass index and waist to hip ratio). After 
adjustment for fat mass, lower SEP across life was 
associated with lower lean mass in women but not men. 

► Associations between childhood SEP and these outcomes 
were partly explained by preadulthood weight gain and 
adult SEP. 

► Reducing socioeconomic inequalities across life, and 
particularly in childhood, may have beneficial effects by 
leading to fewer individuals in later adulthood with higher 
fat mass, higher abdominal fat distribution and lower lean 
mass (for a given amount of fat mass). 
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